To compare the surgical outcomes of robotassisted laparoscopic myomectomy (robot-assisted), standard laparoscopic myomectomy (laparoscopic), and open myomectomy (abdominal). 2 Since it was first described by Victor Bonney in 1931, myomectomy remains the gold standard surgical treatment for women desiring future fertility and uterine conservation. 3, 4 Since its introduction by Kurt Semm in 1979, 5 laparoscopic myomectomy brought surgical benefits including smaller scars, decreased postoperative pain, less need for postoperative analgesics, less blood loss, and shorter convalescence period followed by rapid return to the normal activity. 3,6 -8 These benefits were also substantiated by the only prospective randomized controlled trial published with pregnancy as the primary outcome.
from its bed using the correct plane and multilayer closure of the myoma bed. These limitations could affect the strength of the scar and the subsequent risk of uterine rupture. The risk of uterine rupture in pregnancy after a laparoscopic myomectomy has been reported to be 1%. 9 Given this particular risk, laparoscopic myomectomy is currently performed only by expert laparoscopists. 3,10 -12 Since its very initial use in Reproductive Surgery, 13 the surgical robot has been shown to overcome the difficulties encountered in conventional operative laparoscopy. The 3-dimensional vision, improved ergonomics, wide range of movements, absence of the fulcrum effect along with the improved instrument dexterity eliminated most of the limitations of traditional laparoscopy. Since its approval by the Food and Drug Administration, the da Vinci robot (Intuitive Surgical Inc.) has been used successfully in many gynecologic surgical procedures including but not limited to hysterectomy, myomectomy, sacrocolpopexy, and tubal reanastomosis. 14 -16 Earlier reports on robotic myomectomy denoted several advantages. First, it enabled precise dissection of the myoma via the endowrist instruments. Second, it helped to access myomas in difficult anatomic locations. In addition, it simplified the complex task of suturing the myoma bed precisely with proper approximation of the edges with adequate multilayering. Few publications have reviewed the surgical outcome of robotic myomectomy. These include a case series of 35 patients, 17 a report of full-term uncomplicated pregnancy following robotically assisted myomectomy, 18 and a case of a large myoma that had been successfully removed with robotic assistance. 19 More recently, the surgical outcome of robotic myomectomy was compared with the standard laparoscopic procedure 20, 21 and to the open approach independently. 22 In addition, the effect of body mass index (BMI, calculated as weight (kg)/ [height (m)] 2 ) on surgical outcomes of 77 patients who had undergone robotic myomectomy were reported in 2009. 23 Our objective is to compare the surgical outcome of open myomectomy (abdominal), laparoscopic myomectomy (laparoscopic), and robot-assisted myomectomy (robot-assisted).
PATIENTS AND METHODS
This study was approved by the Institutional Review Board (IRB) of the Cleveland Clinic Foundation. A total number of 575 myomectomies performed between January 1995 and December 2009 were included in this study. These patients were stratified into three groups according to the surgical route. Group I Group II  included of 93 patients who underwent laparoscopic  myomectomy between 2003 and 2009. Group III  included a series of 89 patients who underwent robotically assisted myomectomy between January  2008 and December 2009 using the da Vinci surgical system. Patients' data were retrieved from our electronic medical recording system as well as the patients' paper charts. Demographic data including age, height, weight, BMI, parity, history of previous abdominal surgery, and indication of the current myomectomy were collected. Preoperative characteristics of the myomas including the number, location, depth of infiltration, the maximum diameter and the size as evaluated by pelvic ultrasound or magnetic resonance imaging or both were included. The weight of the myomas was evaluated postoperatively as part of the histopathologic evaluation. Surgical outcome measures included variables describing the events related to the surgical procedure including the actual surgical time in minutes, estimated blood loss, hemoglobin drop, intraoperative and postoperative complications, and the length of hospital stay were collected. Postoperative hemoglobin was measured two or three times over the postoperative period in our institution depending on the patient's condition. We did include only the measurement performed around 6 AM on postoperative day 1 in all cases for standardization purposes.
The robotic surgical technique was similar to what is published elsewhere. Briefly, the patient was placed in the low dorsal lithitomy position with the arms tucked by their sides. A Foley catheter was inserted and the bladder and a uterine manipulator were placed. The 12-mm camera port was placed in the midline at the umbilicus or 8 -10 cm above the upper border of the uterus. The two 8-mm side ports were inserted 8 cm lateral and at 15 degrees below the camera port. A third 8-mm robotic port was occasionally used. Another 10-mm port was also placed. This port was used by the assistant to introduce or remove the sutures, manipulate the myoma with a tenaculum, for morcellation, and for suction-irrigation. After inserting all trocars, the patient was placed in a steep Trendelenburg and the surgical cart with four robotic arms was brought between the patient's legs and each trocar was attached to the assigned robotic arm.
At first the pelvic cavity was scanned with evaluation of the targeted myomas regarding the number, location, and size and to exclude other pelvic pathology. Then diluted vasopressin (20 units in 100 -200 mL of saline) was injected into the myoma to ensure adequate hemostasis using a 16-gauge spinal needle. Subsequently, the uterine incision was made over the prominent bulge of the myoma using monopolar cautery or a harmonic scalpel. Occasionally the myoma was excised with conventional laparoscopy before docking the robot. Then the robotic endowrist instruments were used to dissect the myoma out of its bed. Countertraction was provided via the accessory port using a corkscrew or a tenaculum. When the myoma was freed completely all around, the vascular pedicle was coagulated and the myoma was removed from the bed. Subsequently, multilayered closure of the bed-typically between two and four layers-using interrupted and continuous polyglactin 910 (Vicryl, Ethicon) or polydioxanone suture (PDS II, Ethicon) was performed with adequate hemostasis. The uterine serosa was closed securely using a continuous running polydioxanone suture. In general, either Vicryl or polydioxanone 0 was used for the muscularis layer and 2-0 polydioxanone for the serosa layer. After closure of the myoma bed, an electric tissue morcellator was introduced through the accessory port and specimens were extracted.
Conventional laparoscopy was performed with a technique similar to the robotic one except suturing was done with laparoscopic needle holders. Open myomectomy was performed by standard reported techniques including the use of dilute vasopressin and tourniquets for the uterine and ovarian vessels. Following visual examination for normality, symmetrically distributed numerical variables were summarized with means and standard deviations while other variables were summarized with medians and ranges. Frequencies and percentages were used to summarize categorical measures. For numerical variables, univariable comparisons are conducted with either analysis of variance (for normally distributed data) or Kruskal-Wallis analysis of ranks (for nonnormal data). 2 and Fisher exact tests were employed for categorical data. Dunn's test has been employed for pair-wise comparisons following the Kruskal-Wallis test.
To model the length of stay, the data were categorized into groups of 0 -1 day, 2-3 days, or 4 or more days. Categorization was done because the residuals for a linear model with the number of days did not meet the assumptions of normality nor constant variance; the length of stay is modeled using the proportional odds logistic regression. 25 Hemoglobin drop was modeled using linear regression. Blood loss was subjected to a logarithmic transformation to rectify violations of normality assumptions; the transformation exhibited noticeable improvement on the normal QQ plot. In both models, surgical approach was the primary factor and was considered with BMI, age, previous myomectomy, weight of the removed myoma, and the number of myomas removed. Variables were eliminated using a stepwise selection procedure based on the AIC criterion. Statistical analysis was conducted using R 2.9.1 software. Differences were considered significant at PϽ.05.
RESULTS
All patients included in this study requested fertility preserving surgical management of their symptomatic myomas. From a total of 575 myomectomies performed during the study period, 393 (Table 1) .
Overall, prior history of myomectomies was encountered equally in the three groups with values of 9 out of 393 (2.3%), 6 out of 93 (6.4%), and 4 out of 89 (4.5%) in the open, laparoscopic, and robotic groups, respectively (Pϭ.086). Significantly higher numbers of previous operative laparoscopies (Pϭ.017), tubal ligations (Pϭ.04) and cesarean deliveries (Pϭ.047) were performed in the open group compared with the other two groups ( Table 1) .
The anatomic, pathologic, and surgical parameters features of the myomas of the three groups were evaluated. The median (IQR) of the maximum diameter of the removed myoma in centimeters as measured by preoperative ultrasound or magnetic resonance imaging (MRI) examination was 7.50 (5.05, 10.20) cm in the open group, 6.70 (4.20, 10) cm in the laparoscopic group, and 7.70 (5.40, 10.50) cm in the robotic group ( Fig. 1 and Fig. 2 ). The weight of the removed myomas was comparable between both robotic and open groups while being significantly lower in the laparoscopic group. In addition, significantly heavier myomas were removed in the robotic group when compared with the laparoscopic group (PϽ.001).
On imaging, myomas were similarly distributed in the anterior wall, posterior wall, and fundus in all three groups (Table 2) . Similarly, cervical myomas were encountered equally during the three surgical approaches. Interestingly, significantly more broad ligament myomas (Pϭ.006) were successfully removed robotically compared with the two other approaches. Similarly, more multiple corporeal myomas were encountered in the robotic group (Pϭ.041). Overall, significantly higher numbers of myomas were removed in the open and robotic groups compared with the laparoscopic group (PϽ.001). Of interest, the largest number of submucous myomas were removed robotically (Pϭ.02). A summary of the ultrasound data and the anatomic and surgical features describing the removed myomas are detailed in Table 2 .
The intraoperative and immediate postoperative outcomes were compared across the three groups and are presented in Table 3 . The actual surgical time was significantly less with the open group than in the two other groups (PϽ.001; Fig. 3 The need for blood transfusion was reported in 27 cases in the entire cohort, giving a blood transfusion rate of 4.7%. Out of these, 25 cases (6.4%) were reported in the open group and 2 cases (2.2%) in the robotic group. No patients in the laparoscopic group required blood transfusion. Three postoperative complications were also reported within the total number of cases. One case of wound separation was reported in the open group that required readmission and intervention for wound closure. Two complications were reported in the laparoscopic group including bowel injury that required conversion to laparotomy and the second was postoperative pyrexia with no major effect on the patient's health. No postoperative complications were reported in the robotic group. Finally, the median (IQR) length of patients' hospital stay was 3 (2, 3) days in the open group, 1 (0, 1) days in the laparoscopic group, and 1 (1, 1) days in the robotic group. Patients in the open group had a significantly longer median length of hospital stay 
DISCUSSION
The purpose of robotic technology is to convert open cases to minimally invasive ones. However, if procedures can be performed by conventional laparoscopy without the robot then it would not be cost-effective to use this added technology. Myomectomy is a particularly challenging procedure because of the extensive suturing required. Myomectomy is mostly performed abdominally due to the inherent limitations of the conventional laparoscopic instruments for either dissection of the myoma or suturing of the myoma bed. The current study compares the outcomes of the three different approaches of myomectomy. This study suggests that the introduction of robotic technology allowed cases that typically would have been done by laparotomy to be done by laparoscopy. In this study conventional laparoscopy was used for smaller myomas only while robotic laparoscopy allowed surgery on cases similar to the open ones. The robotic assistance enabled us to remove larger myomas and myomas at difficult locations as those with submucous extension and broad ligament myomas. The robotic assistance was associated with less blood loss, less drop in the postoperative hemoglobin, and shorter hospital stay. However, the length of stay is often due to surgical tradition without clear objective criteria. Nonetheless, the length of stay in our study is typical of laparotomy cases reported in the literature.
Standard hemostatic techniques such as the use of vasopressin, electrocautery, and suturing were enhanced by the robotic surgical system's improved 3-dimensional vision system and "wristed" instrumentation, which made suturing more ergonomic and more precise. In our cohort 2 patients in the robotic group required blood transfusions compared with 25 in the laparotomy group. Despite the fact that the operative times were significantly higher for the robotic group, this was offset by the significantly shorter hospital stay, which was one third that of the laparotomy group.
There is increasing interest in robotically assisted myomectomy. The feasibility of this approach was shown in a series of 35 cases. 17 Since then, subsequent articles compared robotically assisted myomectomy to either open technique 22 or laparoscopic approach. 20, 21 Our findings were strengthened by the fact that 89 cases underwent robotic myomectomy which represent a large series. Also this number of cases has been compared with large cohorts of laparoscopic myomectomy and open cases performed at the same institution. In our work the weight of the removed myoma appears not to be a limitation against using the surgical robot to perform myomectomy as it was comparable between both robotic and open groups while being significantly higher than the laparoscopic group. The significantly lower blood loss encountered in the robotic group was similar to the results of Advincula and associates. 22 However, Nezhat et al reported no difference in the estimated blood loss between robotic and laparoscopic cases. 21 Bedient et al compared robotic (Nϭ40) and laparoscopic myomectomy and found no significant differences between the two procedures regarding the short-term surgical outcome measures, which is very much consistent with our finding. 20 Although both robotic and laparoscopic techniques are minimally invasive approaches, easier maneuverability was encountered with the use of the robotic endowrist instruments, helping with both dissection and suturing. Similar to what has been previously published, the surgical time remains one of the challenges of the robotic myomectomy. This time will influence cost, which could be offset by decreased length of stay if compared with laparotomy cases. A formal cost analysis was not performed in this study because of the limitations of our institutional cost database.
One of the major limitations of robotic surgery is the absence of haptic feedback. This could lead to two important challenges intraoperatively. The first is finding and treating all myomas-even small ones that are not obvious on preoperative imaging-an important issue for avoiding re-intervention over time. The second is to determine the strength needed for suturing without breaking the suture. It is especially the case with early cases and its effect will decrease but not be entirely eradicated with experience. Visual cues from the 3-dimensional image may alleviate this limitation. Excellent preoperative imaging of the myoma location will also compensate for this limitation.
All the laparoscopic and the robotic procedures were performed by experienced surgeons with a minimum of 10 years of practice. The majority of the patients in the open myomectomy group were performed by fellowship-trained surgeons as well, with a subgroup of patient procedures performed by generalists. We did not analyze the relationship between the surgeon's experience and surgical outcomes in this work. However, the robotic surgeons had a minimum of 5 years of experience. It is unlikely that the experience of these surgeons influenced the outcome in this report.
This study has several limitations. It is a retrospective study and the decision to perform a procedure with one technique or another was not rigidly defined but based on experience. In addition, it is limited by the lack of long-term outcomes including subsequent pregnancy and uterine rupture. The data suggest that some open myomectomy cases can be converted to minimally invasive surgery with the use of the robot by appropriately trained surgeons who maintain robotic and laparoscopic skills consistently. 
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